We show a method to protect quantum states from the disturbance due to the random potential by successive rapid manipulations of the quantum states. The quantum states are kept undisturbed for a longer time than the case of the simple trapping with a stationary potential. The effective potential, which the quantum states feel, becomes uniform when the velocity of the transport is sufficiently large. It is also shown that the alternating transport of a Bose-Einstein condensate with the driving potential derived by fast-forward scaling theory Nakamura, Proc. R. Soc. A 466, 1135 (2010)] can protect it from the disturbance.
I. INTRODUCTION
Technology to control quantum systems is rapidly evolving, and various methods to manipulate quantum states have been reported in Bose Einstein condensates (BEC) [1] [2] [3] [4] , in quantum computing [5] and in many other fields of applied physics. For many current and future technologies the acceleration of controls of quantum systems would be important. Methods of the acceleration of quantum dynamics and quantum adiabatic dynamics or shortcut to adiabaticity have been proposed, e.g., counterdiabatic protocol [6] and * syunpei710@cmpt.phys.tohoku.ac.jp frictionless quantum driving [7] , invariantbased inverse engineering [8] and fast-forward scaling theory [9] [10] [11] . These theories make possible to generate target states in short time without energy excitations at the final time of the manipulations [12] . Recently applications of these methods to the controls of BEC including the transport have been proposed theoretically [8, 10, [13] [14] [15] [16] [17] [18] , and been demonstrated experimentally [19] [20] [21] . The robustness of these protocols have been investigated [9, 17, 22] . In this paper we show a novel application and advantage of the acceleration of the quantum dynamics.
In actual systems there must be noise one dimension that the alternating transport of a Bose-Einstein condensate can protect it from the disturbance.
In Sec.II we represent the model. And the driving potential for the adiabatic transport is reviewed. In Sec.III we show the protection of quantum states from the disturbance due to the random potential in the large-velocitylimit. In Sec.IV it is numerically exhibited that the fidelity is kept close to unity by the rapid one-way and alternative transports.
The protection of a Bose-Einstein condensate is also shown numerically.
II. MODEL
We consider a transport of a particle in one dimension. The driving potential for the ideal transport of quantum states without disturbance was derived, see e.g. [10] . Suppose that Ψ 0 (x) is the wave function of an energy eigenstate trapped by the stationary potential V 0 (x) in the case without the random potential. The energy is assumed to be zero for the simplicity. The potential
can translates the quantum state without energy excitation at the final time of the manipulation [10] . The change in R(t) is the dis- 
whereṘ denotes the time-derivative of R.
R(t) is the velocity of the translation.
Ψ F F (x, t) is a solution of the Schrödinger equation:
The additional phase in the wave function in Eq. (2) 
In the following sections it is shown that the disturbance due to the random potential is restrained by the rapid transport.
III. ANALYSIS IN LARGE VELOC-ITY LIMIT
We show that the fast transport of the quantum states can reduce the influence of the random potential in the case of the constant velocity,Ṙ = v, in the large-velocitylimit. In the analysis we use the moving frame which accompanies with the trapping potential. In the moving frame the third term in Eq.(4) vanishes and the Hamiltonian is
represented by
The trapping potential is stationary in the moving frame while the random potential is moving with the constant velocity. We expand the state Ψ by the energy eigenstates |j > of the Hamiltonian:
The state is represented as
where H 0 |j >= E j |j > and < j|k >= δ jk .
E j is the energy of the jth state. |j > is time-independent. The Schrödinger equation
leads to the equations of the coefficients: (7) where V jk (t) is defined by
with φ j (x) =< x|j >. We suppose that the initial state is the nth energy eigenstate |n >, that is, a j (0) = δ jn . a j (t) satisfies the integral equation:
For m = n we obtain the 1st order approximation of a m (t) by substituting j = m and the 0th order solution a k (s) =
. (10) We assume that a finite number of the energy 
We take ∆t short enough so that exp[i(E m − E n )s/ ] can be regarded as constant in the interval for any m, that is,
where 
The integration with respect to s is rewritten with τ ≡ x + vs as
We define the effective potentialV r (x, q) bȳ (15) which is the average of the random potential in the interval: ∆x = v∆t. Suppose that l is the length of v∆t with whichV r (x) can be regarded as uniform in the region that wave function is localized. Thus if
we have
due to the orthogonality of φ n and φ m . Therefore in the large v limit, we see no transition among the energy eigenstates. From the conditions in Eqs. (12) and (16) We obtain a criterion of v:
with which the level transitions due to the random potential do not occur.
IV. NUMERICAL RESULTS
We numerically exhibit the protection of quantum states by the one-way translation with the constant velocity and the alternating translation in one dimension.
A. Translation with constant velocity
We numerically simulate the transport with the constant velocity under the random potential. The fidelity of the quantum state is calculated during the time-evolution. We chose the trapping potential V 0 in Eq.(4) as the harmonic potential:
The initial state is taken as the ground state in the harmonic potential multiplied by a phase factor as
whereṘ is the velocity of the transport and The variance tends to be smaller for largerṘ.
V r in Eq. (15) is regarded as the effective potential that the quantum state feels. To show the property of the effective potential we calculate 
We continuously translate the quantum state 
C. Bose-Einstein condensates
Here we apply the method to reduce the influence of the random potential to BoseEinstein condensates (BECs). We assume that the system is governed by the GrossPitaevskii (GP) equation: 
